This study sought to investigate the predictors and outcomes of side branch (SB) occlusion after main vessel (MV) stenting in coronary bifurcation lesions.
The provisional approach is now regarded as the standard technique for most coronary bifurcation percutaneous coronary interventions (PCI) (1, 2) . However, one of the serious procedural complications for the provisional approach is side branch (SB) occlusion after main vessel (MV) stenting. Although previous studies have reported that SB ostial disease is an independent predictor of SB occlusion, most studies were conducted in patients with small SBs in the bare-metal stent era, with no large-scale studies to date (3) (4) (5) . The values of angiographic findings of the MV or procedural factors such as jailed wire or pre-dilation in the SB are not known. Moreover, impact of sizable SB occlusion on clinical outcomes has not been well studied. Therefore, we investigated predictors and outcomes of SB occlusion after MV stenting in bifurcation lesions, using a large bifurcation registry.
Methods
A detailed description of the study methods is presented in the Online Appendix. Study population. The COBIS (COronary BIfurcation Stenting) II registry is a retrospective multicenter registry of patients with coronary bifurcation lesions undergoing PCI with drug-eluting stents (DES). From January 2003 through December 2009, 2,897 consecutive patients were enrolled from 18 major coronary intervention centers in Korea. Inclusion criteria were: 1) coronary bifurcation lesions treated with DES only; and 2) MV diameter of !2.5 mm and SB diameter of !2.3 mm confirmed by core laboratory quantitative coronary analysis. Exclusion criteria were: 1) cardiogenic shock or experience of cardiopulmonary resuscitation; and 2) protected left main disease. The local institutional review board at each hospital approved this study.
To investigate predictors of SB occlusion immediately after MV stenting, we excluded patients undergoing elective SB stenting before MV stenting and selected patients treated with the 1-stent technique or MV stenting first strategy (n ¼ 2,365). Patients with restenotic bifurcation lesions (n ¼ 107) or bifurcation lesions in which the SB had decreased preprocedural Thrombolysis In Myocardial Infarction (TIMI) flow (n ¼ 31) were excluded. Finally, 2,227 patients who met the selection criteria were included in the analysis. Data collection and analysis. Data were collected using a Webbased reporting system. Coronary angiograms were reviewed and analyzed quantitatively by an independent core laboratory at Samsung Medical Center (detailed in the Online Appendix). Bifurcation lesions were divided into 3 segments for quantitative coronary angiographic analysis: proximal MV, distal MV, and SB ostium ( Fig. 1) . Study outcomes and definitions. SB occlusion was defined as TIMI flow grade <3 immediately after MV stenting. We also performed further analysis using the definition of SB occlusion as TIMI flow grade 0 or 1. Clinical events were defined based on recommendations from the Academic Research Consortium (detailed in the Online Appendix) (6) . Major adverse cardiac events (MACE) were defined as a composite of cardiac death, myocardial infarction (MI), or target lesion revascularization (TLR). All events were reported by the principal investigator of each hospital and confirmed by source documentation. Statistical analysis. Multivariate logistic regression analysis was performed to identify independent predictors of SB occlusion (detailed in the Online Appendix). The Cox proportional hazards method was used to test whether SB occlusion is an independent predictor of clinical outcomes (detailed in the Online Appendix). All p values were 2-tailed, and a p value of <0.05 was considered statistically significant.
Results
Patient characteristics. Of 2,227 bifurcation lesions treated with the 1-stent technique or MV stenting first strategy, SB occlusion occurred in 187 (8.4%) patients. Baseline characteristics of patients are shown in Table 1 . Bifurcation location and a prevalence of true bifurcation were significantly different between the 2 groups ( Table 2) . SB pre-dilation was performed more frequently, but intravascular ultrasound (IVUS) was used less frequently in patients with SB occlusion than in those without SB occlusion. Quantitative coronary angiographic data are presented in Table 3 . The angle between the MV and SB was not significantly different between the 2 groups. Multivariate analysis. Independent predictors of SB occlusion are presented in Table 4 . Neither pre-procedural percent diameter stenosis of the distal MV !50% nor SB pre-dilation was predictive of SB occlusion. The area under the receiver-operating characteristic (ROC) curve was Tables 1 to 3) . Clinical outcomes. During follow-up (median: 36 months; interquartile range: 25 to 51 months), SB occlusion was significantly associated with clinical outcomes ( Table 5 , Fig. 2 ). In an explanatory 1-month landmark analysis, stent thrombosis occurred more frequently in patients with SB occlusion than in those without SB occlusion, whereas there were no significant differences in other outcomes between the 2 groups after 1 month (Online Fig. 1 ). Clinical outcomes were more favorable with recovered SB than with persistently occluded SB (see Online Results section and Online Table 5 ).
Discussion
Currently, most bifurcation lesions are treated with a provisional strategy (7) . However, SB occlusion after MV stenting is one of the most serious complications during the procedure and may be the major reason why operators prefer the systematic 2-stent technique in the complex bifurcation lesions. Predicting the risk of SB occlusion could improve outcomes. However, no large-scale study has investigated this issue to date. Although several previous studies reported that SB ostial disease was an independent predictor of SB occlusion, those studies had several major limitations (3) (4) (5) 8) . The size of the SB was small (<1.5 mm), and left main bifurcation lesions were not included. Sample sizes were too small to draw definite conclusions. Moreover, bare-metal stents were used in earlier studies, which do not reflect contemporary real-world practice. Therefore, we sought to identify predictors of SB occlusion using data from the COBIS II registry.
SB ostial stenosis was one of the independent predictors of SB occlusion, concordant with the results of previous studies (3) (4) (5) . In addition, SB lesion length was also significantly associated with SB occlusion. An IVUS study reported that SB occlusion occurred more frequently with diffuse atherosclerotic plaque than with focal stenosis in the SB ostium (9) . Interestingly, the proximal MV stenosis, but not the distal MV stenosis, was independently predictive of SB occlusion. Plaque shift was significantly correlated with plaque volume decrease in the proximal MV segment but not with plaque volume decrease in the distal MV segment by volumetric IVUS analysis (10) . These data suggest that plaque in the proximal MV segment is more important for SB occlusion than plaque in the distal MV segment. Acute coronary syndromes were significantly associated with SB occlusion after MV stenting. IVUS imaging in patients with acute coronary syndromes demonstrated that culprit lesions were characterized by thrombus and greater plaque burden, which supports our findings (11) . Unexpectedly, SB occlusion occurred less frequently in left main lesions than in non-left main lesions. Operators might adopt an elective 2-stent strategy more aggressively in left main lesions to avoid occlusion of the left circumflex artery. The angle between the MV and SB was not an independent predictor of SB occlusion. Although bifurcation angle has been regarded as one of the important factors for bifurcation PCI, there is a paucity of data regarding its impact on SB occlusion or clinical outcomes. Recently, our group reported that bifurcation angle did not influence final TIMI flow grade in the SB and long-term clinical outcomes, which is concordant to the results of the present study (12) . Among procedural factors, pre-dilation or wiring in the SB did not prevent SB occlusion. However, jailed wire in the SB was associated with recovery of the occluded SB. Therefore, we encourage routine wiring in the SB when bifurcation lesions are treated with the provisional approach.
Previous studies reported that SB occlusion was not associated with adverse outcomes (3) (4) (5) . However, in our study, patients with SB occlusion had worse clinical outcomes than patients without SB occlusion. This discrepancy can be attributable to larger SB and inclusion of left main bifurcation lesions in our study. Whereas worse outcome related to SB occlusion was caused mainly by cardiac death occurring during the very early period, landmark analysis showed that the risk of stent thrombosis was consistently model for all outcomes. As a result, overfitting could not be avoided regarding the outcomes with few events such as stent thrombosis.
The strength of our study over previous studies is that we included only bifurcation lesions with SB !2.3 mm and left main bifurcation lesions. Therefore, SBs that we studied were more clinically important than SBs examined in previous studies. However, there are several limitations to our study. First, although procedural factors were not associated with SB occlusion in our study, we cannot completely exclude the protective effects of pre-dilation or wiring in the SB which might be performed in SBs with greater jeopardy of occlusion. Second, data on clinical outcomes at 3 years were available in only half of all patients. However, the follow-up rate was similar in both groups.
Conclusions
Using data from a large bifurcation registry, pre-procedural stenosis and lesion length of the SB, proximal MV stenosis, and clinical presentation were found to be predictive of SB occlusion after MV stenting. Jailed wire in the SB might be helpful for recovery of the occluded SBs. Occlusion of sizable SB was associated with adverse outcomes.
